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Abstract
Tick-borne encephalitis (TBE) is recognized as the most important viral tick-borne zoonosis in 27 countries in Europe. In this study,
ticks were collected in Germany from two non-risk areas in the states of Saxony-Anhalt and Mecklenburg-Western Pomerania, where
several single human TBE cases have occurred in recent years. Ticks were also collected from a region in Thuringia, known to be a for-
mer risk area for TBE virus (TBEV), where numerous human cases were reported between 1960 and 1975. Detection of TBEV RNA
was conducted by real-time RT-PCR. No TBEV was detected in any ﬁeld-collected ticks. However, ticks were also collected from vol-
unteers living in Bavaria. Three of 239 ticks from this collection were positive for TBEV genome and two genetically distinct TBEV
strains were detected and characterized.
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Introduction
Tick-borne encephalitis (TBE) is the most important viral tick-
borne disease in Europe, the Far East and other parts of Asia.
Based on molecular biological data, three subtypes of tick-
borne encephalitis virus (TBEV) have been classiﬁed: the Cen-
tral European, the Far Eastern and the Siberian subtypes [1].
Tick-borne encephalitis is a notiﬁable disease in 16 Euro-
pean countries, although case deﬁnitions and deﬁnitions of
risk area differ among individual countries. In Germany, TBE
risk areas have been monitored for TBE incidence since
2007 [2]. The number of TBE risk areas has increased in the
last 10 years, from 63 to 132, and the range of risk has
spread from south to north [3]. Furthermore, a number of
single human TBE cases have been registered in areas that
have been classiﬁed as non-risk areas in the past.
Systematic examination of ticks will help to develop
further understanding of the prevailing epidemiological situa-
tion. The prevalence of TBEV in ticks is a suitable marker
for TBE risk analysis in natural foci [3,4].
In the 1960s, Su¨ss et al. found many human TBE cases in
the area of the present Hainich National Park (5103–05¢ N,
1023–28¢ E), Thuringia, as well as isolated TBEV strains in
mice, humans and ticks [5]. This region was subsequently
used for military purposes. After 1990, military usage ended
and the area was established as a national park, which is
now visited by many people. Current TBEV prevalence in
the area is therefore of the utmost importance.
Some single human TBE cases have been recorded in two
other regions in Saxony-Anhalt and Mecklenburg-Western
Pomerania [6]. However, despite previous limited epidemio-
logical analyses of TBEV prevalence [4,7,8], little is known
about the recent distribution and characteristics of TBEV
strains in Germany.
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Recent studies have shown that the prevalence of TBEV in
engorged ticks removed from humans was higher than in
ﬁeld-collected ticks [7,8]. Therefore, we also examined
engorged ticks collected from volunteers at doctors’ surger-
ies. Figs 1 and 2 show the geographical locations of tick
collection.
Materials and Methods
Tick collecting (Ixodes ricinus)
Ticks were collected in 2006 (n = 888) in Hainich National
Park in the state of Thuringia, as well as from bagged roe
and fallow deer in 2005 and 2006 (n = 187) (Table 1). Most
collection sites consisted of typical beech forest with some
smaller meadows. The former shooting range of Weber-
stedt, however, represents a more open landscape, with wet
meadows, bushes and some clusters of trees.
Ticks (n = 917) were collected in 2005 and 2006 in the
Colbitz-Letzlinger Heide (5219–21¢ N, 1132–35¢ E), Saxony
Anhalt, where a single human case occurred in 2004
(Table 1) [6]. One collection site was located in a lime forest
and two other sites were in mostly coniferous forests with
smaller meadows. Another 1285 ticks were collected from
locations around the site connected to the human case in
order to analyze the natural boundaries of a suspected TBE
area (5208–09¢ N, 1139–40¢ E) (Table 1). These sites were
characterized by mixed forest and meadows.
A total of 651 ticks were collected in July 2006 in Meckl-
enburg-Western Pomerania (Table 1). In the town of
Neustrelitz, one human case occurred near Lake Woblitzsee
(5318–19¢ N, 1300–01¢ E). In July 2004, a 61-year-old man
became ill after tick bite exposure in this area. He was hos-
pitalized and infection was clinically and serologically (speciﬁc
IgM and IgG) conﬁrmed [9]. The lake surroundings consist of
meadows with some bushes (near the villages of Below and
Vosswinkel) or mixed forest (near Gross Quassow).
Ticks were collected on the Isle of Ru¨gen, near Sassnitz,
from a mixed but mostly deciduous forest, and near the
Ko¨nigsstuhl site from a meadow and a mixed forest
(5431–34¢ N, 1337–39¢ E). Ticks in the ﬁeld regions were
collected by ﬂagging and immediately cooled to 4–6 C in a
portable refrigerator. In the laboratory ticks were sorted
into larvae, nymphs, females and males using a microscope
according to Estrada-Pen˜a et al. [10] and stored at ) 80 C.
The time between collection of live ticks and storage at
) 80 C was no longer than 24–48 h. Field-collected ticks
were pooled into groups of mainly ﬁve male or female
adults, 10 nymphs or 20 larvae, depending on the estimated
prevalence of TBE in the examined region [11].
The 239 engorged ticks collected in 2006 from volunteers
at doctors’ surgeries in districts around Rosenheim, Bavaria
(Table 2) were cooled and stored at ) 24 C, and ﬁnally
examined as individual ticks. The city of Munich has been
classiﬁed as a non-risk area until now, but all the other
districts are considered to be TBE risk areas.
Detection of TBEV-RNA and sequencing
Collected ticks were ground up in a mixer mill with three
stainless steel beads (Retsch GmbH, Haan, Germany) and
500 lL RNeasy lysis buffer (RLT) for RNA extraction
using the RNeasy Mini Plant Kit (Qiagen GmbH, Hilden, Ger-
many) according to the manufacturer’s instructions. In for-
mer examinations we also used other RNA isolation kits
with the same success, such as the QIAamp Viral RNA Mini
Kit (Qiagen GmbH) or the Instant Virus RNA Kit (Analytic
Jena AG Biosolutions, Jena, Germany). In all cases, we rec-
ommend the use of Qiashredder (Qiagen GmbH) in the ﬁrst
step, which is included in the RNeasy Mini Plant Kit or can
be ordered separately. Extracted RNA was eluted in a ﬁnal
volume of 50 lL RNA-safe buffer (RSB: 50 ng/lL carrier-
RNA, 0.05% Tween 20, 0.05% sodium azide in RNase free
water) for longterm storage of RNA [12].
For detection of TBEV-speciﬁc RNA, primers and probe of
a quantitative real-time RT-PCR protocol according to Schwai-
ger and Cassinotti [13] were used. TBEV-RNA was ampliﬁed
in an optimized 25-lL reaction mixture consisting of 12.5 lL
2 · reaction mix, 1 lL enzyme mix (SuperScript III One-Step
RT-PCR System with Platinum Taq; Invitrogen GmbH, Karls-
ruhe, Germany), 2 lL FAM-labelled primer-probe mix
(2.5 pmol/lL TBE-speciﬁc primers and 2.0 pmol/lL TBE-
probe; TIB Molbiol, Berlin, Germany) and 4.5 lL water as a
master mix. Finally, 5 lL RNA template was added. Extracted
RNA from the low virulent TBE strain Langat was used as a
positive ampliﬁcation control. Real-time RT-PCR was carried
out in a MX3000 real-time PCR cycler (Stratagene Europe,
Amsterdam, the Netherlands) with the following temperature
proﬁle: 30 min at 50 C (reverse transcription), 2 min at
94 C (inactivation reverse transcriptase/activation Taq poly-
merase), followed by 42 cycles of 30 s at 94 C (denaturation),
30 s at 57 C (annealing) and 30 s at 68 C (elongation).
RNAs of the TBEV genome-positive samples were used
for a one-step RT-PCR to generate fragments suitable for
sequencing, where puriﬁed DNA of each PCR amplicon was
used for direct sequencing in both directions using a 3130
Genetic Analyzer (Applied Biosystems, Inc., Foster City, CA,
USA). Based on the generated sequence data, internal for-
ward and reverse primers were designed to complete a
2912-bp sequence region representing the C-gene, M-gene
and ENV-gene, as well as part of the 5¢end of the NS1-gene
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FIG. 1. Sites of tick collections in 2005 and 2006, showing: Sassnitz and Ko¨nigsstuhl, Isle of Ru¨gen, Mecklenburg-Western Pomerania; Neustr-
elitz, around Lake Woblitzsee, Mecklenburg-Western Pomerania; Colbitz-Letzlinger Heide and surroundings, Saxony-Anhalt; Hainich National
Park, and the Thuringia districts (Bavaria) in which volunteers lived. For a map, see http://www.zecken.de/index.php?id = 500. TBE, tick-borne
encephalitis.
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of TBEV. Phylogenetic and molecular evolutionary analyses
were performed using the software BIOEDIT (http://
www.mbio.ncsu.edu/BioEdit/bioedit.html) and MEGA Version 4
[14]. The sequences obtained from samples T1354 and
T1401 were submitted to GenBank (accession nos.
EU872052 and EU872053).
Results
In this study, we collected 1075 ticks in the state of Thurin-
gia, 2202 in Saxony-Anhalt and 651 in Mecklenburg-Western
Pomerania. Most of the ﬁeld-collected ticks were nymphs
FIG. 2. Sites where engorged ticks were col-
lected from volunteers: Rosenheim, Miesbach,
Mu¨hldorf, Berchtesgadener Land, Ebersberg,
Traunstein, Munich and Alto¨tting (Bavaria).
TABLE 1. Numbers of ticks collected in Hainich National Park in Thuringia (Thur), the Colbitz-Letzlinger Heide and
surroundings in Saxony-Anhalt (S.-A.), the Isle of Ru¨gen and in Neustrelitz in Mecklenburg-Western Pomerania (M-WestP.)
Date of collection Place, (country) Adults (female) Adults (male) Nymphs Larvae
16.06.2006 Former shooting range Weberstedt, (Thur.) 57 52 35 0
16.06.2006 Site Fuchsfarm, (Thur.) 58 51 22 0
20.06.2006 Site Wildkatzenkindergarten, (Thur.) 47 51 40 0
20.06.2006 Site Saugraben, (Thur.) 10 8 2 0
21.06.2006 Site Weberstedter Kreuz, (Thur.) 44 60 295 11
21.06.2006 Forest Alterstedter Holz, (Thur.) 5 8 25 0
21.06.2006 Site Betteleiche/ Erbenholz, (Thur.) 6 0 1 0
28.06.2005-16.06.2006 roe and fallow deer1, (Thur.) 104 35 41 7
Total: 1075 ticks 331 265 461 18
02.06.2005 Site Colbitz-Letzlinger Heide2, (S.-A.) 72 72 153 0
31.08.2005 Site Colbitz-Letzlinger Heide2, (S.-A.) 11 10 79 310
23.05.2006 Site Lindenwald/Colbitz, (S.-A.) 41 41 125 3
Total: 917 ticks 124 123 357 313
16.05.2006 Town Arendsee3, (S.-A.) 4 6 340 37
16.05.2006 Road B189, exit Behrend4, (S.-A.) 2 4 45 0
16.05.2006 Park Krumker, (S.-A.) 2 2 5 0
16.05.2006 Road B189, near the town. Landsberg5, (S.-A.) 40 5 130 21
16.05.2006 Forest Seehausen6, (S.-A.) 10 11 178 7
23.05.2006 City Magdeburg/ Herrenkrug, (S.-A.) 2 3 6 0
23.05.2006 City Magdeburg/ Kreuzhorst, (S.-A.) 14 19 390 2
Total: 1285 ticks 74 50 1094 67
04.07.2006 Isle of Ru¨gen: Town Sassnitz/ parking place Zoo, (M-WestP.) 1 1 115 0
04.07.2006 Isle of Ru¨gen: Town Sassnitz/exit Rusewase, (M-WestP.) 10 13 282 39
04.07.2006 Isle of Ru¨gen: Site Ko¨nigsstuhl, (M-WestP.) 1 0 54 28
04.07.2006 Isle of Ru¨gen: Forest Hagenwald near the site Ko¨nigsstuhl, (M-WestP.) 1 2 22 1
03.07.2006 Town Neustrelitz: villages Below and Vosswinkel7, (M-WestP.) 2 2 32 0
05.07.2006 Town Neustrelitz: village Groß Quassow7, (M-WestP.) 3 5 37 0
Total: 651 ticks 18 23 542 68
1roe and fallow deer: ticks collected from bagged animals at 28.06., 22.09., 26.09., 04.10.2005 and 16.06.2006.
2Site Colbitz-Letzlinger Heide: Forest Lindenwald and surroundings, district Bo¨rde, former Ohrekreis, 2005.
3Town Arendsee: wet meadow at the northeastern shore, district Altmarkkreis Salzwedel, 2006.
4Road B 189/exit Behrend: between the towns Osterburg and Seehausen, district Stendal, 2006.
5Road B 189, northwards of Landsberg: exit Tangermu¨nde/Schernebeck, district Stendal, 2006.
6Forest Seehausen: Road B190 between the town Seehausen and the site Tannenkrug, district Stendal, 2006.
7Villages Below, Vosswinkel and Groß Quassow: near the lake Woblitzsee, between the towns Neustrelitz and Wesenberg, 2006.
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(2454), 1008 were adults and only 466 were larvae. This
represents the expected distribution of tick development
stages found both in nature and in our previous analyses.
Nymphs represent the most important development stage
for transmission of TBE and other tick-borne diseases to
humans because they naturally occur in higher numbers than
females. Larvae are normally not able to take a blood meal
from humans because of the thickness of human skin and
males seldom have a blood meal. TBEV-speciﬁc RNA could
not be detected by real-time RT-PCR in any ﬁeld-collected
ticks.
By contrast, in the 239 ticks removed from volunteers
(Table 2) in Bavaria, TBEV-speciﬁc RNA was detected in
three ticks. Two of these had been collected from volun-
teers living in the Mu¨hldorf district (T1354 and T1401;
4814¢ N, 1204¢ E), and one from a volunteer in the Rosen-
heim district (T1403; 4750¢ N, 1206¢ E)). To the best of
our knowledge, these were also the sites of exposure. Both
districts are known TBE risk areas. As the collected ticks
were homogenized directly with lysis buffer, no virus isola-
tion could be performed. Nevertheless, the TBEV-speciﬁc
RNAs detected by real-time RT-PCR were used for RT-PCR
ampliﬁcation and sequencing. In total, 2912 nt (gene region
107–3018 nt of reference sequence NC001672) of the RNA
of isolates T1354 and T1401 were analysed. DNA sequence
alignment of T1354, T1401 and 2840 nt of the 2912-nt refer-
ence sequence revealed high homology (97.5%). The highest
homology was observed for the C-gene (98.5%), followed by
the M-gene (98.2%) and the partial NS1-gene (97.5%). The
highest variability was seen in the comparison of both
E-genes (97.0%). The T1354 and T1401 sequences were also
compared with available GenBank entries. The C-gene of
T1354 was shown to be closely related to the TBEV-K23
sequence (accession no. AM600965; sequence homology of
99.4%). Nearly identical sequences were also detected in
TBEV-263 (U27491; 99.1%), TBEV-Hypr (U39292; 98.8%)
and TBEV-Neudoerﬂ (U27495; 98.8%). By contrast, lower
similarity values were obtained after comparison with the
sequences of sample no. T1401. Here, the highest homology
was observed with TBEV-Neudoerﬂ (98.2%), followed by
TBEV-K23, TBEV-263 and TBEV-Hypr (97.9–97.3%).
For the T1354 E-gene, the highest homology was deter-
mined with TBEV-4387 (X76607; 97.9%). However, TBEV-
Neudoerﬂ (97.8%), TBEV-263 (97.6%) and TBEV-Hypr
(X75286; 97.4%) also showed high degrees of sequence
homology. In addition, for the T1401, the E-gene of TBEV-
235 (EF113081; 99.5%) showed the highest level of sequence
identity. Furthermore, using TBLASTX search, a 100% iden-
tity of the TBEV-235 E-protein compared with the amino
acid sequence of T1401 was determined.
The results of phylogenetic analysis of the sequence data
obtained are shown in Fig. 3. Comparison of selected TBEV
sequences of the C- and E-gene encoding regions with
T1354 and T1401 resulted in unambiguous classiﬁcation of
both isolates as members of the Central European subtype.
The C- and E-gene sequences of the Far Eastern and Siberian
subtypes were demonstrated to be clearly different. Similar
results were obtained with comparable phylogenetic analyses
of the M-gene and partial NS1-gene sequence data (data not
shown).
Discussion
The history of TBE epidemiology in Thuringia, as well as in
parts of Mecklenburg-Western Pomerania, Brandenburg,
Saxony and Saxony-Anhalt, was described by Su¨ss et al. [5]
with some natural TBE foci in the 1960s, characterized by
high viral activity, tick infectivity of up to 50% in some of
the examined foci and numerous human TBE cases. In the
following years until 1968, virus circulation decreased and
only isolated human cases were registered in the 1980s [7].
In the present investigation, we did not ﬁnd TBEV in the
collected ticks, nor were any human cases registered in the
TABLE 2. Ticks collected from volunteers (in Rosenheim and the surrounding area)
District
Volunteers,
n
Median age,
years (range)
Volunteers
with age
registered, n
Female
/male/not
registered
TBE
neg/pos
Rosenheim 135 33.1 (8 months–93 years) 129 70F/62M/3 134 neg/1 pos
Miesbach 42 22.9 (4 months–68 years) 37 21F/18M/3 42 neg/0 pos
Mu¨hldorf 11 28.9 (10 months– 64 years) 11 6F/5M 9 neg/2 pos
Berchtesgadener Land 18 44.2 (4–76 years) 18 10F/8M 18 neg/0 pos
Ebersberg 7 36.5 (3–74 years) 6 4F/3M 7 neg/0 pos
Traunstein 17 18.5 (1–77 years) 17 12F/5M 17 neg/0 pos
Munich 4 22.2 (3–75 years) 4 2F/2M 4 neg/0 pos
Alto¨tting 5 5.2 (2–13 years) 5 2F/3M 5 neg/0 pos
Total 239 30.3 (4 months–93 years) 227 127F/106M/6 236 neg/3 pos
TBE, tick-borne encephalitis.
242 Clinical Microbiology and Infection, Volume 16 Number 3, March 2010 CMI
ª2009 The Authors
Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16, 238–244
Hainich region in recent years. We therefore conclude that
this local TBE focus has become extinct. This contrasts with
the situation in other regions of Thuringia, where the
number of human TBE cases increased from a relatively
low level, and led to seven declared TBE risk areas in
2007. This emphasizes the possibility that foci of TBEV may
develop in very different ways. To our knowledge, this
study is the ﬁrst to compare epidemiological data dating
back 40 years with the equivalent current data for a region
in Germany.
Su¨ss et al. [15] earlier showed an endemic latency of TBEV
in Mecklenburg-Western Pomerania. However, we were
unable to ﬁnd any TBEV-speciﬁc RNA in ticks collected in
the regions of Colbitz-Letzlinger Heide/Magdeburg (Saxony-
Anhalt), Neustrelitz or the Isle of Ru¨gen (Mecklenburg-
Western Pomerania), although single human TBE cases have
been reported in these areas in recent years. Thus we con-
sider that, at present, the risk of TBE infection is very low in
all three ﬁeld regions examined in these three federal states.
In the region around Rosenheim (Bavaria), we found TBEV
in three of 239 engorged ticks collected from volunteers.
One of the volunteers carrying a TBEV-positive tick lived in
the Rosenheim district and the other two lived in the Mu¨hl-
dorf district, about 70 km from Rosenheim. Surprisingly, we
identiﬁed two different TBE strains. Based on the 2912-nt
sequence, both strains showed 97.5% homology. For the
more variable E-gene, a homology of only 97.0% was
observed. Overall, 495 of the 496 amino acids of both E-pro-
teins were identical. Both strains were grouped as members
of the Central European subtype and were clearly differenti-
ated from the Siberian and Far Eastern subtypes. The
observed high homology of T1401 to TBEV-235 is not unex-
pected because this strain was isolated in the Czech Republic
in 2006 (accession no. EF113081), not far from the site
where the tick-borne isolate T1401 was collected.
The 1.25% prevalence of TBE in the engorged ticks
(nymphs) examined (three of 239 ticks were TBE-positive) is
comparable with prevalences in earlier ﬁeld collections
of adult ticks in TBE risk areas, but higher than in ﬁeld-
collected nymphs. It is lower, however, than prevalences
reported from studies of engorged ticks collected in 2001
[7] and 2002 [8] from TBE risk areas in Bavaria.
DQ989336/TBEV-205 
A B062064/TBEV-Sof j in-HO 
43 
77 C - gene Far 
AB062063/TBEV-Oshima 5-10 
AY217093/TBEV-MDJ-01 
AY182009/TBEV-Senzhang 
DQ862460/TBEV-Glubinnoe 
EF469661/TBEV-886-84 
EF469662/TBEV-178-79 
AF527415/TBEV-Zausaev 
100 
59 
56 
99 
55 Eastern 
subtype 
Siberian 
DQ486861/TBEV-EK-328 
L40361/TBEV-Vasilchenko 
AF069066/TBEV-Vasilchenko-clone 
DQ235151/TSEV-TTE-80 
U39292/TBEV-Hypr 
U27491/TBEV-263 
EU872052/TBEV-T1354 
44 
86 
100 
95 
99 
56 
98 
Central 
European 
subtype 
subtype 
U27495/TBEV-Neudoerfl 
EU872053/TBEV-T1401 82 
0.02 
AY217093/TBEV-MDJ-01 
AY182009/TBEV Senzhang
100 
83 E - 
DQ862460/TBEV-Glubinnoe 
AB062064/TBEV-Sofjin-HO 
DQ989336/TBEV-205 
AB062063/TBEV-Oshima 5-10 
EF469661/TBEV-886-84 
EF469662/TBEV-178-79 
DQ486861/TBEV EK 328 
100 
83 
99 
100 
79 
97 
-gene Far 
Eastern 
subtype 
Siberian - - 
AF527415/TBEV-Zausaev 
L40361/TBEV-Vasilchenko 
AF069066/TBEV-Vasilchenko-clone 
DQ235151/TSEV-TTE-80 
EU872052/TBEV-T1354 
U39292/TBEV-Hypr 
EU872053/TBEV T1401 
100 
100 
68 
100 
Central 
European 
subtype 
- 
U27491/TBEV-263 
U27495/TBEV-Neudoerfl 28 
27 
33 
0.02 
subtype 
FIG. 3. Neighbour-joining tree showing the
relationships between nucleotide sequences of
the C-genes and E-genes of selected strains of
tick-borne encephalitis virus (TBEV). The tree
was constructed using distance matrices
generated with the p-distance determination
algorithm in MEGA 4 (2000 bootstrap
replicates) [14]. Numbers indicate bootstrap
conﬁdence values after 2000 replications. Scale
bar indicates nucleotide substitutious per site.
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In 2001, sequence data conﬁrmed the presence of only
the TBEV strain Neudoerﬂ, but no other strains of the
Central European subtype identiﬁed by us in engorged ticks
in 2006 [8].
In conclusion, further studies are recommended in order
to generate more in-depth knowledge on circulating strains
of TBEV and their prevalence in ticks in individual foci.
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